In the framework of the Littlest Higgs Model with T-parity (LHT), we study the contributions of the new particles to Zbb couplings at one-loop level. Based on these results, we further study the branching ratio R b and the unpolarized forward-backward asymmetry A b F B . We find that the correction of the new particles to Zbb couplings is mainly on the left-handed coupling and has small part of the parameter space to alleviate the deviation between theoretical predictions and experimental values. The precision measurement value of R b can give severe constraints on the relevant parameters. The constraints from the precision measurement value of A b F B are very weak.
INTRODUCTION
The Standard Model (SM) has been very successful, however, it is still believed to be a theory effective at the electroweak scale and some new physics (NP) must exist at higher energy regimes. So far there have been many speculations on the possible forms of the NP beyond the SM, one of the interesting possibilities is the Little Higgs model. The little Higgs theory was proposed [1] as a possible solution to the hierarchy problem and remains a popular candidate for the NP. The Littlest Higgs (LH) model [2] is a cute economical implementation of the little Higgs, but suffered from severe constraints from electroweak precision tests [3] , which would require raising the mass scale of the new particles to far above TeV scale and thus reintroduce the fine-tuning in the Higgs potential [4] . The most serious constraints resulted from the tree-level corrections to precision electroweak observables due to the exchanges of the additional heavy gauge bosons present in the theories, as well as from the small but non-vanishing vacuum expectation value (VEV) of an additional weak-triplet scalar field. In order to solve this problem, a discrete symmetry called T-parity is proposed [5] , which explicitly forbids any tree-level contributions from the heavy gauge bosons to the observables involving only the SM particles as external states.
The interactions that induce triplet VEV contributions is also forbidden. This model is called the Littlest Higgs Model with T-parity (LHT). In the LHT model, corrections to the precision electroweak observables are generated exclusively at loop level.
The branching ratio R b is very sensitive to the NP beyond the SM, the precision experimental value of R b may give a severe constraint on the NP [6] . Experimentally, the electroweak observables have been precisely measured at the SLC and LEP, in the most recent analysis of the electroweak data, R b = 0.21629 ± 0.00066 differs from the SM fit by 0.7σ, A b F B = 0.0992 ± 0.0016 disagrees with the SM fit by −2.9σ [7] . Furthermore, the experimental value of Zbb couplings disagrees with the SM fit by about 3σ, especially the deviation of the right-handed coupling is so large that it is very difficult to explain. These significant deviations from the A In this paper, we calculate the contributions of the LHT model to the Zbb couplings. On this basis, we further study the R b and A b F B , then we give the constraints on the relevant parameters according to the precision measurements. This paper is organized as follows. In Sec.II we recapitulate the LHT model and discuss the new flavor interactions which will contribute to the Zbb vertex. In Sec.III we calculate the one-loop contributions of the LHT model to the Zbb vertex, R b and A b F B , then the relevant numerical results are shown. Finally, we give our conclusions in Sec.IV.
II.
A BRIEF REVIEW OF THE LHT MODEL
The LHT [5] is based on a non-linear sigma model describing the spontaneous breaking of a global SU(5) down to a global SO (5) . This symmetry breaking takes place at the scale f ∼ O(T eV ) and originates from the VEV of an SU(5) symmetric tensor Σ, given
From the SU(5)/SO(5) breaking, there arise 14 Goldstone bosons which are described by the "pion" matrix Π, given explicitly by
III. THE ONE-LOOP CORRECTIONS TO Zbb COUPLINGS IN THE LHT

MODEL
We employ the following notation for the effective Zbb interaction:
where θ W is the Weinberg angle,
The effective couplings are then written as 
The branching ratio is defined as
The full hadron width is the sum of widths of five quark channels:
For the decays to any of the five pairs of quarkswe have [9] 
, here g Aq and g V q are the axial-vector and effective vector couplings.
The radiators R Aq and R V q contain contributions from the final state gluons and photons.
In the crudest approximation
where α s (q 2 ) is the QCD running coupling constant:
The expression of the radiative correction to R b can be expressed as [10] 
with
being the velocity of b-quark in Z decay, herem b is the value of the running mass of the b-quark at scale M Z L calculated in MS scheme [11] .
The unpolarized forward-backward asymmetry in the decay to bb equals:
where N F is the cross section for finding the scattered fermion in the hemisphere defined by the incident electron direction and N B is the cross section for finding it in the positron hemisphere. It can be expressed as
where the factor (1 − k A π ) represents a QCD radiative correction, as in Ref. [12] , for which we use the numerical value 0.95, A e refers to the creation of Z boson in e + e − -annihilation, while A b is the left-right coupling constant asymmetryrefers to its decay in bb [9]
The relevant Feynman diagrams for the LHT contributions are shown in Fig.1 . We use the 't Hooft-Feynman gauge, so the contributions of Goldstone bosons should be involved.
In our calculation, g Ab and g V b should be replaced byḡ Ab andḡ V b , g b V,A + δg SM V,A can be found in Ref. [13] . The calculations of the loop diagrams are straightforward. Each loop diagram is composed of some scalar loop functions [14] , which are calculated by using
LOOPTOOLS [15] . The relevant Feynman rules can be found in Ref. [16] . We applied the on-shell renormalization scheme and have checked that the divergences are canceled.
In the numerical calculations we take the input parameters [17] as Fermi constant
91.2GeV , fermion masses m f , the electroweak mixing angle S 2 W = 0.231 and the final-state asymmetry parameter A e = 0.1515. In our calculation, the relevant LHT parameters are the scale f , the mixing parameter x L , the mirror quark masses and parameters in the matrices V Hu and V Hd .
For the mirror quark masses, from Eq. (5) 
For the matrices V Hu and V Hd , considering the constraints in Ref. [18] , we study the completely generic scenario, i.e.the six parameters of V Hd are arbitrary. After that, we follow Ref. [19] to consider the following two scenarios for comparison: summarized in Fig.(2-3) . To see the influence of the mixing parameter x L on the R b , considering the existing constraints, we let the parameters vary randomly in the range:
In these three scenarios, we can see the plots of R b decline with the x L increasing, which shows that the contribution of the mixing diagrams between t and T + is negative and becomes larger with the x L increasing. When x L > 0.7, part of the plots are beyond the 2σ regions of its experimental value. This feature is similar in three different scenarios.
To see the influence of the first two generation mirror quarks mass M 12 on the R b , considering the constraint from R b on the x L , we let the parameters vary randomly in the range:
In these three scenarios, we can see the plots of R b are almost in the 2σ regions of its experimental value.
The noticeable feature is that the R b isn't sensitive to M 12 so that the constraint from R b on M 12 is very loose.
Secondly, we discuss the A b F B changes with the LHT parameters, the numerical results are summarized in Fig.(4-6) . Same as the R b , the A Finally, we discuss the Zbb couplings in the LHT model. In our calculation, we still consider the above three scenarios and let the parameters vary randomly in the range:
the numerical results are summarized in Figs. (7) (8) . We confirm the result of Ref. [18] , in which the correction from the mixing diagrams between t and T + to Zbb couplings is mainly on the g 
IV. CONCLUSIONS
In this paper,we studied the one-loop contributions of the new particles to the R b and 
They can be represented in form of 1-point, 2-point and 3-point standard functions
A, B 0 , B 1 , C ij . Here P b andP b are outgoing. In all expressions, the mass of b-quark is ignored. 
